

4B. The specification has been amended to correct 
typographical errors in the original patent. 

Entry of the 2Q>ove amendments and early and favorable 
consideration of this application in the form of a Notice of 
Allowance are respectfully requested. 



JEL/att 

ATTORNEY DOCKET NO. JEL 28567RE-A 

STEVENS, DAVIS, MILLER & MOSHER, L.L.P. 

1615 L Street, NW, Suite 850 

P.O. Box 34387 

Washington, DC 20043-4387 

Telephone: (202) 408-5100 

Facsimile: (202) 408-5200 



Date : 



August 25, 2000 




9 



2js a plan view ihowing an airangemAf « aiain 
secnoD of the embodiment HGS. 3A an^ are per- 
spective views of cartridga of optical disa m the ot- 
boduneat. 

la HGS. 1 to 3A and 3B. reference numeral 1 de- 
notes a fint or second optical disc. Thicknesses of disc 
snfastntes of both of the fim and second optical discs 
are difrereat. Reference numeral 2 denotes a cartridge 
which encloses the optical disc 1 and protects. The 
cartridge 1 is made of plastics or the like. Reference 
numeral 3 denotes a fint opdcal head and 5 indicates a 
second optical head. Each of "the optical heads is con- 
structed by a converging optical (system] unit 

, . . ,- comprising: in 

objccnvc leas; a scaiconducMr laser; a photo dete-^r- 
a beam splitter; and the like (ail of the above compo- 
nents are not shown). Each of the optical head dc'ecis 
an information signal, a focusing error signal, and a 
tracking error signal which have been recorded on the 
optical disc 1 on the basis of an intcnsitv or an intensity 
distnbuuon of the re.lected lights of a I^r beam irradi- 
ated onto the opdcal disc 1 and generates a photo de'e-- 
tJon signal to the outside. Aa infonaadon signal is re- 
corded onto or erased from the opdcal disc 1 by modu- 
tatrng an intensity of the laser beam. Both of the opdcal 
heads have bases to hold the above optical devices and 
actuators. A reproduction information signal, a focusinz 
etor signal, and a tracking error signal which are 2e,^- 
erated from the photo detector of the first ocdcal head 
3 are expressed by S,. F,, and T,, respechvely. Similar 
signals which arc generated from the photo detector of 
the second opdcal [disc] head 

J - S are also esprsssed by Sv 

"d Ts. respectivdy. Reference numeral 4 dea'oTes a 
first hnear motor which is arranged below the opdcal 
disc 1 and moves the Tint opdcal head 3 in the adial 
dtfecaon of the disc in parallel with the disc surface. 
Reference numeral 6 denotes a second linear motor 
which IS arranged below the opdcal disc 1 so as a face 
toe fim hnear motor 4. and moves the second opdcal 
Head 5 m a manner similar to the firr. optical head 3 

As shown in HG. 2. the second Unear motor 6 is 
extended until the funher outride of the outermost oe- 
npherai portion of the opdcal disc L Tnerefore. whVn 
the second optical head 5 mov« to the oute.-most ride 
the optica^ head 5 is projected irom the lower surface of 
the optical disc Reference numeral 7 deaotes a disc.-im- 
laauon hole formed on the sarace of the canridg- ' 

The canridg- in Lhe embodiment will now be'dc 
scrioea with reference to HGS. 3A and 3B. Tne -^is- 
cnmmation hole 7 is closed in Lhe case where the oocTcal 
du<. 1 eacj^osed m the carthdg: is the fL-st opdcai disc 
shown m r IG. 3A and is open in the case wfa-re it is the 
second optical disc shown in FIG. 3B. Rc'e — ce nu 
meral 23 denotes a slide shur.er. Since the ood^ disc 
apparatus of the sabodimeat has r*o opcical heads. -*o 
sUde shutte.-s are provided. When the sanr^dscs ar- 
removcd from the optical disc ipparatus. the slid: shut" 
te-T are c!c?scd to protect the iate.-al discs from dusa 
Keierence numeral 3 denotes a Ught emitting diode 
(Bcremafter. abbreviated to an LED) which is airar.2~< 
so as to be located over the discncinaucn hole 7 whe- 
the cartndgc 2 has been loaded into the opdcal dis^ 
apparanis of the embodiment. Reference aume.-3l 9 
denota a photo diode arrangri at a pcrition so is to 
face the LED 3 through the camdge 1 Tee photo 
diode 9 generates a de:=c-Jon signal to a r/stem control- 
ler 22, which will be iip/aincd herzLihizr. RcVc.nc- 
nume.-al 10 denotes a first selector for sd:=:Lng -thc- 
onc of the first group of photo derectio.n signals (S, F- 
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signal in accordance with the rignaJ Fi^nippKcs to 
the actuator of the second optical headMLough the 
third selector 14, thereby eliminadng the focusing error. 
The linear motor control circuit 15 generates the driv- 
ing current to the linear motor 6 in response to the 
control signal from the system controiler 22, thereby 
moving the second optical head 5 in the inner or outer 
rim direction of the opdcal disc L The spindle control 
circuit 17 extract a dock component from the infonna- 
don signal Si and controls the spindle motor 18, thereby 
routing the optical disc 1 at a constant linear velocity 
(CLV) or a consunt angular vciocicy (CA V) or the like. 
The signal processing circuit 19 executes signal pro- 
cesses sach as demodulation, decoding, and the like to 
the information signal Si in the reproducing mode and 
generates to the outside as audio or video signals or the 
like. On the other hand, the signal processing ciroiit 19 
executes signal processes such as encoding, moduiadon. 
and the like to the audio or video signals or the like 
which have been supplied from the outside in the re- 
cording mode and generates to the LD dn\r^z circuit 
20 as a recording signal. Until the canridge 2 is [loaded], 
unloaded 

the second optical head 5 records or reproduces the 
infonnation signal onto/from the second optical disc L 
On the other hand, in the case where the canndge 2 
enclosing the fin: optical disc has been loaded into the 
opdcal disc apparatus of the embodiment, since the 
discrimination hole 7 is closed, the photo diode 9 do- 
esn't detect the transmission light, fherefore, the sys- 
tem controiler 22 determines that the disc in the car- 
tridge 2 is the foregoing first opdcai disc Thus, the 
controller 22 generates control to the fin: to 

fifth sdecton 10, 12, 14, itf, and 21 so as to select the 
terminals A on the first optical head side. Therefore, the 
semiconductor laser of the fu-st opdcal head 3 is selected 
as an output dcsunation of the driving current which is 
supplied from the LD driving circuit 20. The photo 
detector of the first optical head 3 is selected as an input 
destination of the tracking control circuit 11, focusing 
control circuit 13, spindle control circiir 17, and signal 
processing circuit 19. i ne actuator of the fu^i optical 
head 3 is selected as an output dcstinadon of the icnia- 
tor driving signals of the tracking control drcuit 11 and 
focusing control circuit 13. Tne fint linear motor 4 is 
selected as an output desrination of the driving current 
of the linear motor "control circuit [171 15, 

Tnerefore, the 

fint optical head 3 irradiates the laser beam and con- 
verges onto the information track on the optical disc 1 
without an aberration. Suaultancousiy. the reflected 
lights from the disc are detected and generated as the 
information signal Si, focusing error signal ?•„ and 
tracking error signal Ti. The above signals are supplied 
through the fint seiecton 10 to the respecuvc circuit 
That is, the signal S\ is supplied to the spincie control 
circuit 17 and sigr.ai processing circuit 19. The signal 
Fi is supplied to the focusing control cL-cui: 13. Tae 
signal Ti is supplied to the tracidng error delecting 
circuit 11. Tne subsequent operations are similar to 
those in the case of the second optical disc mentioned 
above. 

In the case where the objecnvc iens of the second 
opdcal head is a lens of a high NA and a shcn [operating] 
working 

distance, it is necessary to sei an inter-'ai be: ween the 
second optical head 5 and che suriace of :he optical disc 
1 to be fairly narrower than chac in -Jie case of the fint 
optical head [5] 3. 

Therefore, whiie the -Irst optical disc is 
loaded, the controller 22 controls the second linear 
motor 6, thereby moving the second opdcal head 5 to 
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jystcxn mentioned in the jccond embod^n, of the 
invention together with the first semSttVo; i 
3^ther«tccffiautt„,,^33ZS:S;S„^ 
«d the fim mirror 35. TTie second objecdS fcS « 
constnica the second converging opticJ^S^to 
gether with the Cnt semicond^^^r LS^3?^TfiS 
wUmating lens 33. the first beam splitter 34 f^dZ) 
[first muTor35J which are commonly S t 
wnvergmg optical system. TTie first converging optical 
system « mounted onto . common base (Sot^ vS 
togegr with the first and second shuners [5]^ 

thereby constnicting the fourJi opdcal head 50. Since 
the lens holder 39 and the actuator 40 have the same 
constnicaon as those in the third ooticai head 30 in the 
second embodiment, their dcscripdons are omitted here. 
Hie fourth optical head 50 is attached to the fir^t linear 
motor 4. 

The operation of the optical disc apparatus in the 
emboduneat with the above coostrucaon will now be 
descnbed hereinfaclow. The kind of opdcal disc is dc- • 
tected m a manner similar to the above. When die sys- 
tern controller 22 determines that Ae disc in the loaded 
cartndge 2 is the second optical disc, the controller 22 
generates control signals to the first and second shutters 
31 and 52 of the fourJi optical bead SO. When the con- ■ 
trol signals are suppiied, the first shuner 51 is closed and ' 
the second shutter 52 is open. In the above rate, the 
iaser beam enutted from the first semiconductor laser 32 
IS converted into the parallel beam by the first coUimat- 
ing lens 33 and is divided into the trajismission light and 
the reflected light by the first beam splitter it. The 
.t?aa«iiasion light is shut out by the Cuzt shutter 51 via 
the fint mirror 35. Consequently, only the reflected 
light passes through the second shuner 52 and is con- 
verged onto the opdcal disc 1 by the second objective 
leas 46. Tne light reflected by the optical disc 1 is aeain 
converted into the parallel light by the second obje~ive 
leas A6 and passes through the second shutter 52 and is 
reflected and separated by the fint beam splitter 34 and 
a converged onto the fu^t photo detector 38 bv the tint • 
detKtmg leas 37. Tne fint photo detector 38 ge.ierates 
the focusing Kror signal and tracking srror signal from 
the converged reflected h'ght of the disc and reoroduces 
the mformation signal on the disc. Tne above oijcrations 
are executed until the cartridge 2 is unloaded. 
_ Since the operauons of the fint linear motor 4 track- 
mg control circuit 11, focusing control circuit 13, linear 
motor control circuit 15. spindle control circuit 17 
spindle motor 18, signal processing crcuit IS, LD driv- 
ing arcuit 20, and system controUer 22 are the «me as 
those in the opucal disc apparatus of the foregoing fin: 
'^0^^'°"'' =l«:--^P"ons are omitted here. 

On the other hand, if the system controller 22 dc'Ji'- 
mincs that the disc in the loaded canridge 2 is th- firi: 
optical disc the fint shutter 51 is opened and the second 
■shuner 52 is dosed. In the above rjtc. Li die transmis- 
sion light and the reflected light by the nnt beam split- 
ter 34, the reflected light is shut out by •±s second shut- 
ter 52 and only the transmission Qght casses through the 
Tint shutter 51 and is converged onto the opdcal disc 1 
by the fint objec-Jvc !e=s 26. Tne other otJe.-adons are 
executed tn a manner similar to chose in ±e case of the 
second optical disc 

As mendoncd above, according to Lhe third smbcdi- 
mcnt, in addition to the efl-ects by the second embodi- 
ment, since the first and second shutte.-s 51 and 5'' are 
provided as light flu-t selecting means, the semiconduc- 
tor lasc.-. collimaiing lens, beam soHttcr, detecting 'e.ns 
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md photo detector in each of the conver|B opdcaj 
system cap be conunonJy o«d and the rfze and weight 
of the optical bead can be reduced. Therefore, assujjg 
that a dnvuig force of the linear motor is the sune. the 
improvoncat of the performance such as reduction of 
thesesking tune and the like can be realized. 

FIGS. 9A. and 9B show a detailed construcaonal 
diagram of an optical head of an optical disc apparatus 
in the fourth embodiment of the invention. In FIG 9 A 
nnce the optical disc I, fet semiconducar laser 32.' 
first coUimating leas 33, fint beam spUtter 34, second 
ofajecave leas 46, fim detecting leas 37, and first photo 
detecusr 38 are construced in a manner similar to those 
m tbe foregoing fourth optical head SO, their descrin- 
t:ons are omitted here. Reference numeral 56 denotes a 
leas holder to hold the second objective leas *6- 57 an 
•ctuator to which the leas holder 56 is aKached- U a 
T1 ",^.'=^"'"'^8 leas attached to a siider 55 
which wtfl be explained hereinJater, so that the optici' 
IS m p^iel with the optical a«s of the Zand 
objective leas 46; and 55 the slider which suppom th- 
wave front correcting lens 54 and is arrang^ » « to 
transverse m the plane which is perpendiciJar to tbe 
Iigflt flu^ between the fint beam sSer 34 and Se 
second objective Ie.is 46, thereby doling the wave 
front correctmg lens 54 to be aoved in such a pl^c 

* ""S= is «t to a position 

(snown by P, m the diagram) where tbe wave front 
wrrecaag lens 54 is pencctiy deviated out of the light 
flux or a position (shown by P, in the diagram) wfafre 
the opacai axa of the[slider 55] wavefront cnrr ./tin. i,:o 
54 coincides with the opd- 

«1 axis of the second objective le.TS 46. The above-men- 
tioned component elements are attached to a base (not 
shown) and construct a fiftii optical head 53. 
_ FIG. 9B is a plan view when the wave front corre-t- 
mg leas 54 and the slider 55 are seen from the direction 
of the optical axis. In the diagram, the leas 54 is movable 
m the directions shown by arrows. The wave front 
correctmg leas 54 has been designed in a manner such 
tftat a syntheac optical system with the second obiec- 
Uve leas 4« is identical to the foregoing fint objective 
leas, raat is. the Icts 54 has been designed so as to 
correct the abe.Tation by the disc substrate of the first 
opccal discln tile fiftij optical head 53, the second 
objccuve leas 46 constructs the second conversiae 
opacai system mentioned in the second embodiment of 
the mve.ntiQn together witii the first semiconductor 
teser 32, fint coUimating leas 33, and fint beam spiitter 
54 and can be also regarded such that they construe: the 
first converging optical system by adding tiie wave 
front correcting leas 54 to Uie second ccnvergiaz ccri- 
cal system. » a 

Since a whole construction of the optical disc acpara- 
tus m the .'bunh embodiment is sucstanriaiJy the s^- u 
that of_ the optical disc apparatus of the third embodi- 
ment saown in Fia 7 mentioned above, its deKriction 
is omined here. ' 

Tae operation of tbe optical disc aoparatas is th- 
founh embodiment with the above conKniction -^l 
herruibeiow *-ith respect to only the 
filth optical head 53. Tae kind of ootical disc is dc:,r-ed 
m a manner similar to the above. If the system control 
ler detc-mmes that the disc in the loaded canricr- •> 
IS tbe second optical disc, the controller 22 g-ne-ata I 
contrci sigaal to the slider 55. Whe.T the cont.-oi sienai 
_ts supplied, the slider 55 mov« the wave front corr— . 
tng lens 54 to the position P,. Tne laser beam emined 
from the imt semiconductor laser 32 is convcted into 
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I opocaJ system corresponding to the thin disc^Rme 
« tracking error signal cannot be ordinarily obtained 
from an optical disc of a thick disc substrate due to a 

, spherical aberration of the converging beam. Conse- 
quently, two optical discs havbg difTcrcnt thicknesses 
can be dtscnminated by checking the presence or ab- 
scnce of the tracking error jignaL In such a case, there 
IS an cxceilcnt cfTect such that the apparatus is simplified 
because there is no need to use the detecting means such 
as LED and photo diode and the like 

The optical head in each of the above-described opti- 
cal disc apparatuses has been constructed by a conven- 
tional optical system using the objective lens made of a 
quartz glass or ±e like. An opdcal head in each of opti- 
cal disc apparatuses of embodiments, which will be 
cxpiamed bereinlater, diiTcrs from the above optical 
head and is constructed by forming an opdcal system 
onto a thin film waveguide. 

FIG. 10 is a block diagram showing a conscnicdon of 
an opucai disc apparatus according to the fifth embodi- 
ment of the invention. Further, HG. 11 is a schematic 
perspective view showing a construction of an optical 
head of the optical disc apparatus in the fifth embodi- 
ment of the invention. Since a construction shown in 
FIG. 10 IS substantially the same as that of the opdcal 
disc apparatus in the second embodiment of the invcn- 
don shown in FIG. 5 except that a sixth optical head 60 
IS usci Its descripdon is omitted here. Tne sixth optical 
head 60 shown in FIG, 11 will now be described in 
detail hcreinbeiow. 

In FIG. 11, reference numeral 1 denotes the same 
opdcal disc as that described in the foregoing embodi- 
ments. Reference numeral 300 denotes an information 
track formed on the opdcal disc L Reference numeral 

61 denotes a substrate formed by LiNbOj or the like. 
The substrate 61 is attached to a head base through a 
focusing acniator and a tracking actuator and con- 
structs the sixth opdcal head 60 together with them. 
Since the focusing actuator, cracking acaiatcr, and head 
base which have conventionaily been well known can 
be used as those components, their detailed descripdon 
and the drawings are omined here. Reference numeral 

62 denote an optical waveguide formed on the sub- 
strate [51] 61 

by Ti diffusion or the like; 63 a first scmucon- 
ductor laser coupled to an edge surface of the optical 
waveguide 62; and 6* a fu^ waveguide lens arranged 
on an optical path of the waveguide light which has 
been emined from the first semiconductor laser 63 and 
entered the opdcal waveguide [61 j 

I I r instance, a Fres- 
aellcns formed by an eicc-^on beam Uthograohv can -be 
used as a lens 6*. Reference aumeral 65 Loti Tfi^ 
converging gratbg coupler formed on Oie ooncai path 
of the parallel waveguide Ughc The coupieV 65 emits 
the waveguide light to a position ou: of the opcicS 
waveguide 62 and converges onto the ooticai dU l 
The first converging grating coupler 65 is a gratinz 
havmg a chirp (irregular period) by a cur.e forTcd on 
t±c waveguide by electron beam direct drawing or the 
Uice. Reierence numeral 66 denotes a fmt beam solitte' 
wbc. IS arranged bcr.een Uie fint waveg-aide le'ns ^ 
and the fct converging gradng coupler 65 and scca- 

the opcical waveguide 62 through the fir^t ccnvcrginz 
grating coupler 65 after it had 'oeen re.Hccted bAll 
optical disc 1. Reference numeral 67 denotes a urst 
waveguide converging lens which is arranged on the 
optical path of the return waveguide light which ha^ 
been separated by the first beam splitter 66 and con- 
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^trges the return lighL Reference numeral « denotes a 
first photo detector which is coupled to the side snrfacc 

, of the optical waveguide 62 and detects the rerom 
waveguide Ughl which has been converged by the first 
waveguide converging lens 67. 

Similarly, reference numeral 69 denotes a second 
semiconduaor laser coupled to the edge surface of the 
optical waveguide 62; 70 a second waveguide leas ar- 
ranged on the optical path of the waveguide light which 
has been emitted from the second semiconductor laser 
69 and entered the opdcal waveguide [611 62; 

and 71 a sec- 
ond converging grating coupler formed on the optical 
path of the parallel waveguide light. The coupler 71 
emits the waveguide light to a position out of the optical 
waveguide 62 and converges onto the opdcai disc 1 
Reference numeral 72 denotes a second beam splitter 
which B arranged betwee.i the second waveguide leas 
70 and the second converging grating coupler 71 and 
separates the waveguide Kght which has been returae-' 
mto the optical waveguide 62 through the second coo"- 
vcrgmg gratuig coupler 71 after it had been reflected bv 
the optical disc 1. Reference numeral 73 denotes a se-'- 
ond waveguide converging lens which is arranged on 
the optical path of the return waveguide hght which has • 
been separated by the second beam splitter 72 and con- 
verges the return waveguide light. Reference aumerai 
74 denotes a second photo detector which is coupled :o 
the side surface of the optical waveguide 62 and detects 
the return waveguide light converged by the second 
waveguide converging lens 73. 

A curve chirp grating of the Snt convergiig gratine 
coupler 65 has been designed in a manner such that, for 
instance. NA=0.45 „d the emission light can be con- 
verged until a diffraction limit and the aberration due to 
the disc substrate of the Aicicaess d, can be corrected 
The second converging grating coupler 71 has been 
deigned m a manner such that, for e.xampie. NA =0.3 
and the aberration due :o the disc substrate of the thick- 
ness di can be corrected. 

The first and second beam spiitters 66 acd 72 ar- 
attached at positions which are deviated so that the 
renectcd Ught of each beam splitter does not -.iter th- 
other beam splitter as a stray liaht. 

Such an optical waveguide and a waveguide cr" 
device have been described in detaU in. for e.-tampl7 
Nishihara, Hanuia, and Saihara. "Optical Integrate-^ 
Circuit", Ohm Co. T m iQa< .u-i:v= i. 
uon. both of the above weil-known optical wavcruid- 
and waveguide type device can be used in the opticaJ 
waveguide 62 or the like. 

The operation of -Jie opticaJ head in the Sfth eabod:- 
ment with the above conscrjcuon will now be describe- 
hcreinbclow. 

If the opticaJ disc 1 is the Snt optical disc, the driv-j:z 
current is supplied to the fin: semiconductor !ase- 63 
Then, the laser 63 emits a laser beam from one cdg- 
lunace of the optical waveguide 62. Tae laser beam 
propagates as a waveguide light The waveg-jid: light is 
convened :nto the parallel Ught bv the first wjveguic- 
lc.TS 6*. rne parallel light u-ansmits the ilnt beam solit- 
ter 66 and subsequently enters -Jic first coavergLig mi. 
mg coupler 65. Tae coupler 65 extracts the parallel ligh' 
out of the optical waveguide 62 and converges onto th- 
mformation track 200 on the first cotical disc 1. The 
reflected light from the disc sunacr again enters the 
optical waveguide 62 through the first convergi.-ig grat- 
ing coupler 65 and propagates as a return wav-guidc 
bgnt in the opposite direction. Funher. the returr. 
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